mining the localization of the virus in infected tissues with immunofluorescence techniques. Fink and her co-workers (9, 10) and Pasternak (18) demonstrated the applicability of immunofluorescence in the demonstration of murine leukemic antigens in situ, and many workers (4) have demonstrated mouse virus particles by electron microscopy. In the present study, the two methods were combined to localize the site of antibody reaction and to demonstrate the virus antigen.
Previous work, describing the origin, histopathology, and biology of the S-63 virus (4, 12) , has shown that the S-63 strain of leukemia virus kills newborn ICR mice, but that 80% of young adult mice recover from the virus infection. Antibodies against the virus develop in the recovering mice. Those antibodies can be demonstrated by complement-fixation, immunodiffusion, and passive cutaneous anaphylaxis tests.
Amano and Ichikawa (1) reported that leukemia virus proliferation takes place principally at the cellular surface. Osato et al. (16, 17) propagated Friend leukemia virus in mouse embryo tissue cultures and demonstrated by hemadsorption and immunofluorescent methods that virus antigen was located at the cell surface and in the cytoplasm. Yoshida (21) and colleagues, working with the Moloney and Rauscher viruses, showed by indirect immunofluorescence methods that these particles appear in the cytoplasm of the cell and are especially concentrated in megakaryocytes. Their results were confirmed by electron microscopic studies.
Because the study of antibodies from convalescent animals eliminates the problem of reactions when mouse tissues are used in heterologous systems, this system seemed superior for deterScholar of the Leukemia Society, Inc. mining the localization of the virus in infected tissues with immunofluorescence techniques. Fink and her co-workers (9, 10) and Pasternak (18) demonstrated the applicability of immunofluorescence in the demonstration of murine leukemic antigens in situ, and many workers (4) have demonstrated mouse virus particles by electron microscopy. In the present study, the two methods were combined to localize the site of antibody reaction and to demonstrate the virus antigen.
MATERIALS AND METHODS Virus preparation. S-63 virus was purified by methods previously described (11) (12) (13) . Virus suspensions were mixed with suspensions of Escherichia coli and were passed through a membrane filter (Millipore Filter Corp., Bedford, Mass.) with a pore size of 0.45 , to ensure the continuity of the filter. The filtrates thus obtained were cultured and were found to be sterile for bacterial growth. It was, therefore, assumed that the filters were impervious to the leukemic cells which are larger in size than E. coli cells. Virus suspensions were used to inoculate young adult (4 to 5 week) 25-g ICR mice. The surviving mice served as a source of convalescent antibody. GC virus, a leukemogenic virus carried in this laboratory and displaying antigenic relationships to the S-63 virus, but being 90 to 100% fatal to young adult ICR mice, was also prepared, as previously described (4) . These leukemia VOL. 92, 1966 IMMUNOFLUORESCENT ANTIBODY IN LEUKEMIA VIRUS virus ifitrates were serologically tested against antisera to known virus antigens. It was found that there was no cross-reaction with antisera prepared from viruses usually found in human, bovine, or murine species. The diagnosis of lymphoid (thymic) leukemia was confirmed by histological examination of the involved tissues.
Antisera. Individual pools of sera were collected from the following sources: normal ICR mice of comparable age and sex to the infected mice; convalescent S-63-infected mice between the 5th and 8th week after inoculation, when the symptoms of the disease had subsided and antibody titer was expected to be at its height; GC virus-infected mice which failed to develop leukemia by the 10th to 12th week; rabbits rendered immunologically tolerant to normal mouse tissues and subsequently challenged with either S-63 or GC virus; and normal rabbits (4, 11 Slide preparations. Impression smears (6) were prepared from normal, GC virus-infected and S-63 virus-infected mouse spleen, liver, mesenteric node, kidney, and brain tissues. Samples of each tissue were set aside and were fixed in osmic acid for use in the electron microscopic studies, as well as for use as antigens for in vitro immunological tests. In addition, whole cell suspensions were prepared in Hanks balanced salt solution (HBSS), as previously described (4), and a thin suspension was spread on the surface of a precleaned microscope slide for fluorescence studies. For convenience, both the impression smears and cell suspension slides were fixed in cold acetone overnight at 5 C and then were treated with the conjugated antibody system by either the direct or the indirect method. (There was no appreciable difference in the staining intensity between the preparations fixed by the above method and those exposed to cold acetone for the periods of 10 min to 1 hr.)
In vitro immunological testing. Both the control and test sera were studied by complement-fixation, immunodiffusion and passive cutaneous anaphylaxis tests (4) against antigens prepared from both normal and virus infected homogenates of spleen, liver, kidney, and lymph nodes, as previously described. The various sera were studied before fractionation and after -y globulin isolation to determine their specificity before conjugation with the fluorescent dye. Purity of the -y globulin fractions was tested by electrophoretic methods. The complement-fixation tests (13) with pooled sera gave the following titers: (i) pooled GC sera reacted against both the GC and S-63 viral antigens 1:128; (ii) the pooled S-63 convalescent sera reacted against the GC virus antigen 1:128 and against the S-63 virus antigen 1:256; and (iii) the immune tolerant anti-S-63 virus rabbit serum reacted against both the GC and S-63 viral antigens at a titer greater than 1:2,048.
Electron microscopy. For electron microscopy, the tissue fixed in osmic acid was embedded in Epon and was stained with uranyl acetate and lead hydroxide. The sections were examined with an RCA EMU-3 electron microscope. The method used was that of Dolowy (8) . Table 1 summarizes the in vitro immunological tests carried out for each of the various sera. None of the control sera cross-reacted with the leukemic or normal tissue antigens. The convalescent S-63 infected mouse sera were strongly positive in each test and failed to cross-react with the normal tissue antigens. GC-infected mouse sera were positive in the complementfixation test and negative in immunodiffusion and passive cutaneous anaphylaxis tests to the leukemic antigens, and reacted negatively to the normal control material. The immunologically tolerant anti-S-63 virus rabbit sera reacted posi- (2, 3) , the use of a LissamineRhodamine counterstain further eliminated nonspecific fluorescence in stained preparations. Table 2 shows the results of staining various tissues with each of the conjugates. The degree of fluorescence was based on a 0 to 4 + system, as previously described (2, 3) . The indirect complement test generally gave stronger reactions than the direct method. Certain tissues appeared more antigenic than others. An arbitrary classification of fluorescence, in descending order, would be: mesenteric node, spleen, liver, brain, and kidney.
RESULTS
The specific fluorescence with either the direct or indirect complement method was in the cytoplasmic area and in the intercellular spaces. The best method for studying the fluorescence reaction was with the cell-suspension technique, as it prevented overlapping of cells and, thus, permitted an easier evaluation of the procedure. Nuclear fluorescence was not seen, and the strongest fluorescence, in all cases, was along the cell membrane. For the immunofluorescence studies, spleens, mesenteric nodes, brains, livers, and kidneys were obtained from 37 mice with GC virus, 41 S-63 virus-infected mice, and 29 normal mice. Each of the specimens was examined in triplicate. Under similar conditions of staining, each of the virus-infected specimens gave positive results, with the fluorescence being in and around the reticuloendothelial cells, whereas none of the normal tissues showed fluorescence. The degree of fluorescence varied in intensity from animal to animal and from tissue to tissue (Table 2) . Electron microscopy revealed virus particles similar to those described by Moloney and others (15, 19) . These particles were found budding from the cell membrane and in the intercellular spaces.
DISCUSSION
When used as a battery, the immunodiffusion, complement-fixation, and passive cutaneous anaphylaxis tests, as previously reported (4, 11, 12) , allow differentiation between leukemia virusinfected and normal tissues. The result of the immunofluorescence test has proved to be more specific than the tests previously described (12) . It was especially important to determine whether complement was bound by the antigen-antibody reaction, as this reaction is the basis for the indirect fluorescence complement test. As shown in Table 1 , complement is bound by this system. The disadvantage of the in vitro tests is that they do not allow visualization of the antigen nor a localization within the cell of the antigenic components. Fluorescence microscopy eliminates these objections. Once the pitfalls of the nonspecific fluorescence are overcome by careful adsorption, and once a predetermination of the specificity of the sera has been obtained, the immunofluorescence test gives highly specific results, as shown in Table 2 .
Normal tissues failed to fluoresce with either a Under the direct method, control conjugates of FITC normal mouse sera and FITC-conjugated rabbit sera failed to fluoresce against any of the above tissues. 6 Under the indirect complement fluorescent method, control systems of normal rabbit or normal mouse sera plus complement plus FITC anti-guinea pig complement failed to react against any of the above tissues. the direct or indirect tests, whereas virus-infected tissues showed varying degrees of fluorescence. Fluorescence was in the cytoplasmic areas, especially around the cytoplasmic membrane in the washed-cell preparations. In the "impression smears," specific fluorescence was not only around the cytoplasmic areas but also within the interstitial spaces.
These results do not completely agree with those obtained by Fink and Malmgren (9, 10) with the Rauscher agent; they reported that fluorescence was strong in the nuclei as well as within the cytoplasm. However, our results agree fairly well with these investigators in regard to the degree of fluorescence (presumably degree of viral antigen) in various infected tissues. Fink and Malmgren observed most virus in spleen, then liver, lymph node, and only rarely in kidney, buffy coat, or brain, although they stated that the brain tissue of one mouse, which was highly infectious, showed an overall fluorescence not associated with any particular cell. In our studies, spleen and mesenteric nodes were about equally fluorescent, with brains and liver being less so, and kidney being the poorest. When the observations by fluorescence microscopy were compared with electron micrographs prepared from the same tissues, correlation between fluorescence and the presence of virus particles was close. More virus was in lymph node and spleen preparations examined with the electron microscope than in the other tissues, and the location of the virus particles was in the same area, i.e., interstitial spaces and cytoplasmic membranes where fluorescence was prominent. Virus particles were not observed within the nuclei of any of the tissues examined by electron microscopy. On the basis of this work, the fluorescence produced by the conjugated specific antisera appears to be due to a reaction with the viral antigen.
